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Pedepar:

1. Inceprauifina po60Ta IpUCBIYEHA PO3POOJIEHHIO HAYKOBUX 3acaf, OJep>KaHHs O€TOHIB 3 MiIBUIIEHOIO MilIHICTIO
Ta TPiMHOCTIIKICTIO. PO3p06sI€HO aNropuTm 6araTornapaMmeTpUYHOro IPOEKTyBaHHS OETOHIB KJlaciB 3a MilJHICTIO
Ha ctuck C25/30-C50 /60, sxuit nependayae paLioHaJbHUN Oifoip Ta oNTUMI3aLlilo TeXHOJIOr YHUX PaKTOpiB Ha
Pi3HUX CTPYKTYPHUX PiBHSIX, 1110 3a0e3I1euye MiABUILEHHS TPIlMHOCTINKOCTI. PO3po6seHo cucTeMHUI Mifxiz, 10
BUOOPY MyLI0JIaHOBUX MaTepiaiB i MoKa3aHo, 0 AOCIiIKEHi Ny1[0JIaHOBI MaTepial Ha OCHOBI IPUPOIHUX i
IITYYHUX LI€OJIiITiB MAIOTh CYTTEBUI ITOTEHIiaJl /17151 IOKPAIIEHHS BJIACTUBOCTEN OETOHHUX CyMmillell Ta 6€TOHIB.
Po3kpuro ¢izuko-xiMiyHi 3aKOHOMIPHOCTI Ta MOXJIMBOCTI HarnpasjieHoro GpopmMyBaHHs (HasoBOro CKuany
LIEMEHTHOI MaTpuli 6€TOHY 3 IyL|0JIAHOBUMM MaTepiasamu, CTBOPIOIOYN YMOBU 1151 yTBOPEHHSI 10ATKOBO]
KiJIbKOCTi piBHOMiIpHO PO3M0JiIeHMX MOAM(piKOBaHUX IPi6HONMCIIEPCHUX IIPOAYKTIB rigparatiii, B ToMy 4nci

roJI9aCTO-BOJIOKHUCTHUX TiIPOCUJIIKATIB KaJbllilo, 4Ki KOJIbMAaTYIOTh IOPOBUH MPOCTIP LIEMEHTHOTO KaMeHIo. Lle



3abesneuye epeKT HOro caMoapMyBaHHSI HA PiBHI MiIKDOCTPYKTYPH, 3MEHIIEHHS KiJIbKOCTi Je(eKTiB, MiBULEeHHS
OTIOpYy PYHMHYBAHHIO Ta CUHTE3 MIIJTHOCTi OETOHIB SIK Ha PO3TST IIPU 3THHI, TaK i Ha CTUCK, a TAKOX IOKpalleHi
eKCIUlyaTalliliHi BIaCTUBOCTI 6€TOHIB. BcTaHOBIEHO MeXaHi3M MiJBUIIEHHS TPIMHOCTIMKOCTi 6€TOHY 3
MOBITPOBTATYBAJIbHUMU 400ABKAaMU, SIKAY FPYHTYETHCSI HA (POPMYBaHHI B CTPYKTYPi 6€TOHY PiBHOMIpPHO
po3n0iseHnX 6y/1bOALIOK MOBITPS 3 000JIOHKOI0, COPMOBAHOIO 3 ITPOJYKTIB B3aeMO/Iii TOPTIAHALLEMEHTY 3
11e0JIiTOBUM TyPOM, 30KpemMa BOJIOKHUCTUX iIpOCUIIiKaTIB Kabllilo, Ki 3a6€31e4yoTh piBHOMIPHUI po3Nofin
HaIpyXeHb B 6€TOHI, 10 CIIpUse Aucunaii eHeprii MikpoTpillMHOYTBOPEHHS. AHaIi3 TOPOBOi CTPYKTYPU 6E€TOHY
(Mapka 3a 0cagxo KOHyca 6eTOHHOI cyMii S1) 3 nosyiarcnepcHUM 1eoliTOBUM Ty(om Ta niaacTudikyode-
[OBITPOBTAT'YBaJIbHUMU JOOABKaMU CBiTIUTD, IO [IPY 06’€Mi BTSATHYTOTO IOBITPSI 6,5% Oy/Ib6aIIKy MOBITPS
BUCTYMAIOTh AeMIlpepaMU HallpyKeHb, a pa3oM i3 MoAu(iKyBaHHSIM MIKPO- Ta ME30CTPYKTYPHU 6€TOHY IIPU3BOJISThH
IO 3MEHIIEHHS MIKPOTPIIIMHOYTBOPEHHS Ha NOKpUTWYHIN (Gi=247,44 [I>)x/M2) Ta CNIOBiIbHEHHS IOLIMPEHHIO
MaricTpasbHUX TPIillMH B 3aKpUTHYHIi1 (G1=492,28 [I>x/Mm2) cTragisx. [IpoBeieHO OLiHKY BIIMBY apMYBaHHS 6€TOHY
pizHMMU Bugamu Gibpu Ha MilIHICHI BJTaCTUBOCTI Ta XapaKTe€PUCTUKU TPIIIMHOCTINKOCTI 6eToHiB. JlocimkeHo, mo
KOMIIO3ULiliHe noJyigucrepcHe apmyBaHHs piopamu OITAI2 ta OIII1 € Hait6inbII €(PEKTUBHUM i JO3BOJISIE
HiABUILWTY IIMTOMi €eHEPrOBUTPATU HA CTaTUYHE Ae()OPMYBAHHS 1O MOMEHTY [IOYATKY PYXy MariCTpasbHOI
TpimuHu Gi=207,34 I’k /M2, IUTOMI €HeproBUTPaTH Ha JIOKaJIbHE cTaTh4yHe AedOpMyBaHHS B 30HI MaricTpasibHOI
TpimuHu G1=660,19 II)x/M2, nuToMi e(peKTUBHI eHeproBUTPaTH Ha CTaTUYHe pyiHyBaHHs GF=840,44 [x /M2 B 1,8;
2,7 Ta 2,6 pa3 BifIOBiIHO NOPIBHSIHO 3 KOHTPOJIbBHUM CKJIaZOM. AHasi3 6€TOHY Ha piBHi M€30- Ta MaKpPOCTPYKTYypU
I0Kas3ye, MO Lii TOKa3HUKU JOCSATAIThCS BHACIAOK “Bridge” epexTy, sSIKuil yTBOPIOETHCS IPY apMYyBaHHi 6€TOHY
di6poto. [Tpu LIbOMY CIIOCTEpIraeThCsl CIIOBIIbHEHHS PO3BUTKY MAaKpOTPILUH B JOKPUTHYHIN cTazii nedopmyBaHHs
Ta 3pOCTae omip AedparmeHTallii 3pa3KiB B 3aKpUTAYHIN cTaii pyliHyBaHHS TaKUxX OETOHIB. BinOyBaeTbCs
cTabinizauisa nedpopmaniii ycagku yepes 22 11i6 TBEpAHEHHS Ta NOJaJblle iX 3MEHIIEHHS Ha 26% MOPiBHAHO 3
HeapMOBaHUM 6eTOHOM. OGrpyHTOBAHO HAYKOBi 3acazy po3pOo06IeHHs TPUHIIUIIOBO HOBOI KOHIIEIIii CTBOPEHHS
O€TOHIB 3 MiIBUIIEHOI0 MILIHICTIO i TPIMHOCTIHNKICTIO, SIKa IPYHTYETHCSI HA MOKJIMBOCTSIX PEryJI0OBaHHS
XapaKTEPUCTUK TPIMHOCTIMKOCTI 32 paXyHOK 3MiHM [1apaMETPiB IPOEKTYBAHHS Ta TEXHOJIOTIYHUX (PAKTOPiB, a
caMe - MyL[0JIAHOBUX MaTepiasiB [e0JiTOBOro TUITY, IaCTU(IKyI0ue-MOBITPOBTAryBaJIbHUX J0OABOK
ONTUMAJIbHOTO ckiany, ¢ibpy pi3HUX TUIIIB Ta PO3MIpiB, 110 3a06€3M1eYNTh OTPMMAaHHSI LIiJIbHOI HellepEePBHO
apMOBAHOI Ha BCiX PiBHSIX CTPYKTYpPHU O€TOHY, SIKUI XapaKTepU3yeThCsl IOKPAILIEHUMHU eKCIUTyaTaliiHuMU
BJIACTMBOCTSIMU. BCTaHOBJIEHO, 10 6€TOH, IKUI MicTUTh 10 Mac.% LieosliToBoro TyQy, pisHi Tunu ¢piopuy,
nactudikyody i NOBITPOBTATyBaJIbHY J00aBKY, HE3BAKAIOUM HA MEHIINI BMICT IIOPTJIaHILIEMEHTY,
XapaKTepU3yeThCsl IOJIiOHOI0 TIOBEiHKOIO Mifl HABAaHTA)KEHHSIM Ha CTafii MicJisi yTBOPEHHs TPIlllKH, SIK i 6ETOH, B
CKJIaJIi SIKOTO € Tisibku ¢ibpa, i Mae MOKpalleHi eKCIIyaTalliliHi BJaCTUBOCTI. Taknil MyJIbTUKOMIIOHEHTHUI 6€TOH
XapaKTepU3y€EThCs ITOKPALIEHUMU MillHICHUMH BIACTUBOCTSIMU Ta ITapaMeTPaMu TPIlIMHOCTIMKOCTI 3i 30iJIbIIEHHSIM
eHeprii pyiiHyBaHHs Ha 35,1% i KpuTepist KpuxKocTi Ha 61,5% MOPIBHSHO 3 KOHTPOJIBHUM OETOHOM. 31IiiCHEHO
IIPOMMUCJIOBE BIIPOBA/IKEHHSI Ta PO3PAaX0OBAaHO TEXHIKO-€KOHOMIUHY €(DEKTUBHICTb BUKOPUCTAHHS GETOHIB 3

i BUILEHOIO MIIHICTIO Ta TPIIUHOCTINKICTIO.

2. The thesis is devoted to the development of scientific principles for obtaining concretes with increased strength
and crack resistance. An algorithm for multi-parameter design of concretes of C25/30-C50,/60 compressive
strength classes has been developed, which provides the rational selection and optimization of technological
factors at different structural levels, which ensures increased crack resistance. A systematic approach to the
selection of pozzolanic materials was developed and it was shown that the investigated pozzolanic materials based
on natural and artificial zeolites have a significant potential for improving the properties of concrete mixtures and
hardened concretes. The physico-chemical regularities and possibilities of the directed formation of the phase
composition of the cement matrix of concrete with pozzolanic materials are revealed, creating conditions for the
formation of an additional amount of evenly distributed modified finely dispersed hydration products, including
needle-fibrous calcium hydrosilicates that colmatize the pore space of cement paste. This provides the effect of its
self-reinforcement at the microstructure level, the reduction of the number of defects, the increase of resistance
to destruction and the synthesis of both tensile and compressive strength of concrete, as well as improved



operational properties of concrete. The mechanism for increasing the crack resistance of concrete with air-
entraining admixtures has been established, which is based on the formation of evenly distributed air bubbles in
the concrete structure with a shell formed from products of interaction between Portland cement and zeolitic tuff,
in particular, fibrous calcium hydrosilicates, which ensure a uniform distribution of stresses in concrete, which
contributes to the dissipation of the energy of microcracking. Analysis of the pore structure of concrete (slump
class S1) with a polydisperse zeolitic tuff, plasticizer and air-entraining admixtures shows that with an entrained air
volume of 6.5%, such air bubbles act as stress dampers, and together with the modification of the micro- and
mesostructure of concrete lead to the decrease in the formation of microcracks in the precritical (Gi=247.44 J /m2)
and a slowdown in the propagation of main cracks in the post-critical (G1=492.28 J /m?2) stages. The influence of
concrete reinforcement with different types of fiber on the strength properties and crack resistance
characteristics of concrete was evaluated. It has been investigated that the composite polydisperse reinforcement
with fibers FPDP2 and FPP1 is the most effective and allows to increase the specific energy consumption for static
deformation until the moment of the main crack movement Gi=207.34 ] /m2, specific energy consumption for local
static deformation in the main crack zone Gl=660.19 ] /m2, specific effective energy consumption for static
destruction GF=840.44 J/m2 by 1.8; 2.7 and 2.6 times, respectively, compared to the control concrete. Analysis of
concrete at the meso- and macrostructure level shows that these parameters are achieved due to the "Bridge"
effect, which is formed when concrete is reinforced with fiber. At the same time, there is a slowdown in the
development of macrocracks in the precritical stage of deformation, and the resistance to defragmentation of
samples in the post-critical stage of destruction of such concretes increases as well. Shrinkage deformations
stabilize after 22 days of hardening and their subsequent reduction by 26% compared to unreinforced concrete is
taken place. The scientific principles of the development of a fundamentally new concept of concrete production
with increased crack resistance are substantiated, which is based on the possibility of adjusting the parameters of
crack resistance due to changes in design parameters and various technological factors, namely the use of
pozzolanic materials of the zeolite type, plasticizer and air-entraining admixtures of optimal composition, fibers of
various types and sizes, which will ensure obtaining a dense, continuously reinforced concrete structure at all
levels, which is characterized by improved operational properties. It was established that concrete containing 10
wt.% of zeolitic tuff, different types of fibers, plasticizer and air-entraining admixtures, despite the lower content
of Portland cement, is characterized by a similar behaviour under load at the stage after the formation of cracks, as
concrete, which contains only fiber, and it has better operational properties. Such multi-component concrete is
characterized by improved strength properties and crack resistance parameters with an increase in fracture
energy by 35.1% and brittleness criterion by 61.5% compared to the reference ordinary concrete. The industrial
implementation was carried out and the technical and economic efficiency of using concrete with increased crack
resistance was calculated.
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